Main Text {#sec1}
=========

Despite the fact that the idea of personalized medicine in cancer has been accentuated in the last years of research, this concept is well rooted in the history of medicine: "It is more important to know what sort of person has a disease than to know what sort of disease a person has" (Hippocrates 450--370 BCE). We understood that the right therapy has to be administrated in the right amount, to the right patient, under the right conditions, and finally at the right time. But what if the safe amount is not necessarily the most effective one? In light of these aspects, researchers have developed combinatorial strategies of anti-cancer drugs to avoid a heavy insult in terms of toxicity and also installation of drug resistance. The question that arises at this moment is: how do we deal with the last generation forms of therapy in the name of microRNA (miRNA) modulation?

miRNAs are short non-coding sequences that impair the expression of specific genes mainly by targeting the complementary transcript. The panel of targeted transcripts is now made available through a wide selection of databases that comprise the experimental validation of the interactions and also the predicted ones (e.g. miRWalk[@bib1]). Although this vast network of regulation is responsible for the normal function of numerous pathways inside the cell, the aberrant expression of miRNAs is becoming a central part in cancer initiation and development. We are currently aware that these small transcripts are involved in every cancer hallmark mainly through downregulated profiles for the tumor suppressor miRNAs and exacerbated expression for the oncogenic ones. These aspects were discussed over and over in the last years in the scientific literature and numerous proposals with miRNAs as therapeutic agents were published in the oncological domain.[@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7] However, considering the complex scheme behind miRNA signaling, where the targeting takes place in a multicoordinated system---one miRNA can target multiple transcripts and one transcript can be targeted by more than one miRNA---the following statement becomes plausible: one single miRNA sequence, despite the extended role throughout entire signaling pathways, is not able to hazardously disrupt the development of cancer cells and completely eradicate the pathology within the organism in safe administrated doses. This affirmation comes from the idea that a tumor suppressor gene could be experimentally enforced through downregulation of an oncogenic complementary miRNA, but this is not necessarily a secure strategy considering that there are other miRNAs that can still target the same transcript. Still, the same miRNA can simultaneously target tumor suppressor and oncogenic genes in context-dependent situations, weakening the treatment efficiency or, even worse, producing long-term side effects. Moreover, the ability of cancer cells to develop compensatory mechanism by activating bypassing systems is also affecting the possibility of using miRNAs as single agents in preclinical and/or clinical therapeutics. The first clinical trial involving the experimental upregulation of miR-34 has underlined important safety aspects regarding this type of therapeutic approach and urged the need for other perspectives.

To obtain a superior yield in terms of cancer therapy, we are proposing a novel kind of approach where miRNA modulation could be used as the first line of treatment to disrupt the cancer cell at multiple levels, followed by administration of small molecule inhibitors for specific cancer-driven targets in the attempt to obtain a superior effect at lower doses. This approach has a molecular level of action for both therapeutic molecules, where the suppression of a specific target by a small molecule inhibitor could be sustained by a synergistic miRNA concentrated on the same oncogenic pathway. Moreover, the ability of miRNAs to modulate multiple transcripts from the same or interconnected molecular mechanisms (e.g. apoptosis, epithelial to mesenchymal transition \[EMT\], angiogenesis, etc.) represents a steady advantage,[@bib8], [@bib9], [@bib10] where the effect of miRNA will be perceived at a more general level and the small molecule will strongly attack the principal knot from the altered oncogenic pathway (the principal knot is considered a molecule that is strongly overexpressed and functional within a oncogenic pathway; the principal knot can also be cancer specific). In this way, the tendency of cancer cells to overcome the impairing effects through activation of adaptive loops will be hampered by a well-chosen non-coding sequence able to modulate targets that could be used by malignant cells for activation of secondary paths. Importantly, the chosen signaling knot (referred to as the main targeted oncogenic molecule) will be inhibited by both agents to obtain a maximum impairing effect with smaller doses. In this way, the potential toxicity and implicit side effects will be strongly diminished, preserving or even improving the malignant inhibitory effect. In general terms, the exogenous miRNA is used for weakening of cancer cell due to its ability to target multiple transcripts, where the second line of treatment is used as a powerful targeted agent able to eradicate the cancer cell through different mechanisms (e.g. apoptosis, inhibition of cell cycle, necrosis, etc). The effect of the second therapeutic will be significantly improved due to the already weak malignant phenotype obtained after the restoration of a specific miRNA expression. This approach represents a novel perspective upon miRNA therapeutics, where the non-coding sequence is not the central part of the treatment scheme, but is contributing to the efficiency of the second type of therapy. Despite the fact that the proposed molecule for the second administration consists in a specific small molecule inhibitor, there is the possibility to replace this one with other types of therapies, even with the classical chemotherapy.

Another Perspective on miRNA Therapeutics {#sec1.1}
-----------------------------------------

One of the marked points in molecular oncology consists of the implementation of non-coding RNA sequences, partially represented by miRNAs, as important influencers of cancer-related pathways.[@bib3]

Despite numerous research conducted on this type of therapy,[@bib11], [@bib12], [@bib13] there are still major concerns related to the actual clinical effects of miRNA modulation. As is the case of any other drug, there is the need for numerous optimization protocols in order to reduce the unwanted effects and potentiate the beneficial one. Several issues related to delivery platforms---optimal dosage, unwanted toxicity, and achieving targeted administration---are still the subjects of intense studies.[@bib14], [@bib15] One particular situation that is quite specific for non-coding oligonucleotides-based therapies is that, compared to the usual situation, where one main target is affected, miRNAs influence numerous elements within the cell, and the assessment of the specific downstream effect becomes much more difficult to evaluate. In the moment of increased administration, when the dose is being pushed to the highest levels to obtain a clear effect, the risk of unwanted targeting is clearly potentiated. This type of toxicity is primarily divided into two categories: hybridization dependent and hybridization independent (or chemistry-related effects). For the first category, it is possible to force the modulation of the targeted genes by administering excess therapeutic compound (exaggerated pharmacology) or to determine off-target effects caused by unspecific binding. For the last case, there is also the possibility of saturation concept, when the exogenous sequence is administrated in doses that exceed the amount of target sequences present in the malignant cell and, in this way, the probability of off-target effects is majorly increased. The second primary category, chemistry-related effects, generally refers to the structure of the miRNA sequence and the biological effects that are unrelated to the hybridization action. Importantly, like any other DNA- or RNA-based regimens, miRNA therapeutics can induce an innate immune response that will trigger an entire cascade of pro-inflammatory events. Nevertheless, another important aspect---secondary related to toxicology---consists of the gradual aspects of the therapeutic efficiency, where miRNAs act on primary targets that, in their turn, modulate downstream effectors. Considering that the sum of the pharmacological effects over time is able to cause a change in the disease phenotype establishes the pharmacological activity of a compound, it is highly possible that the immediate effect observed after miRNA exogenous expression or inhibition is not completely underlying the overall preclinical or clinical changes. This is actually a crucial issue in managing the dose of administrated miRNA compound, where a specific amount of inhibitor or mimic can cause a certain effect at the present time, an effect that can be potentiated afterwards, revealing supplementary toxicity.[@bib11], [@bib16]

In light of these aspects, it is crucially important to manage the doses of administrated miRNA therapeutics at highly specific levels and not lose sight of the potential side effects in favor of the beneficial and prominent ones.

The Opening toward a New Kind of Cancer Management {#sec1.2}
--------------------------------------------------

The switch from chemotherapy to molecular targeted agents has been implemented already in the oncological field with several successful cases: anti-estrogens and anti-androgens for the curative management of hormone driven breast and prostate cancer, all *trans* retinoic acid for acute promyelocytic leukemia patients that present translocation in the RARα retinoic acid receptor gene, and imatinib for ABL inhibition.[@bib17], [@bib18], [@bib19] The efficiency of these small molecule inhibitors determined the screening for other potential therapeutics with similar mechanisms of action but concentrated on additional altered molecules within the targeted pathology. It is now clear that we understand the importance of stratified medicine, and this concept is generously gaining its value within the clinical scenarios. The switch from the classical standard of care comprising cytotoxic chemotherapy to targeted agents (monoclonal antibodies and small molecule inhibitors) in cancer treatment has revolutionized the outcome for several types of oncological patients: imatinib for chronic myeloid leukemia and trastuzumab, rituximab and sunitinib in the context of breast malignancies, non-Hodgkin's lymphoma, and renal cell carcinoma. By affecting specific effectors that contribute to the sustenance of cancer cells, in comparison with the general citotoxicity on dividing cells of the chemotherapeutic regimens, targeted agents have managed to improve the survival statistics and also offer supplementary options for patients with medical comorbidities due to less toxicity and improved tolerability.[@bib20], [@bib21], [@bib22] However, there are also some limitations that need to be overcome in order to make the most of this concept.

One such issue pertains to the genetic heterogeneity of cancer cells, including the intra-tumor variations, where the genotype of a cancer cell is not necessarily identical to the genotype and implicit phenotype of another cell within the same malignant mass.[@bib23], [@bib24], [@bib25] In this way, such cells could respond in a different manner to the activity of the small molecule inhibitor where, in one particular case, the inhibitory agent is efficient and, in the other case, the effect is diminished or impaired.

Another major issue is drug resistance, where the cell can become insensitive to the action of the small molecule inhibitor through activation of feedback loops[@bib26] or alternative signaling pathways.[@bib27], [@bib28] Also, there is the possibility of mutation acquisition within the target itself and implicit incompatibility between the small molecule inhibitor and modified targets.[@bib29]

There are also additional issues related to this type of strategy in cancer treatment, such as the discovery of potent malignant driven targets that, once inhibited, will determine a prominent effect; synthesis of efficient agents; and also time-consuming phases between basic research and clinical implementation.

In light of the discussed aspects, we are proposing a novel type of combined therapy by merging the effects of miRNA inhibition or replacement with the action of small molecule inhibitors to obtain a superior inhibitory effect upon cancer cells. [Figure 1](#fig1){ref-type="fig"} presents possible therapeutic options for different pro-carcinogenic signaling networks within cancer cells, based on combinatorial strategies between miRNAs and small molecules.Figure 1The Main Pathways Involved in Cancer Development and Potential Therapeutic Combinations Targeted toward ThemThe survival, proliferation, and invasion of malignant cells are sustained by specific interconnected mechanisms, where central genes are losing their normal function and/or expression and contribute to the development of cancer. To control this aberrant signaling, there is the possibility to use miRNAs in combination with small molecule inhibitors to restrict the pathological function of a central gene through a multi-targeted approach. Moreover, due to the multiple targets corresponding to a specific miRNA sequence, it is also possible to target more than one mechanism, disrupting the cancer cells at multiple levels.

The proposed idea consists of administration of miRNA inhibitors or mimics prior to small molecule inhibitors to prepare an appropriate background for the specific activity of the second therapeutic. In this way, the non-coding sequence will target the central knot (also targeted by the small molecule inhibitor) but will probably also diminish the levels of additional transcripts involved in the same pathway and other signaling networks (even in drug resistance), due to the heterogeneous profile of targeted genes. The role of miRNA is to prepare the field for the strong effect of the small molecule inhibitor, weakening the cancer cells at multiple levels. After this initial administration, the second agent targeted toward the same central oncogenic molecule will represent the decisive line of treatment in terms of cancer impairment. The sequence of treatment, where miRNA modulator is given as a first agent, is specifically chosen in favor of the other possibilities---concomitant administration or second line of treatment; the ability of miRNAs to target multiple oncogenic targets at once will be used to destabilize the malignant cell, weaken its ability to respond through compensatory feedbacks, and increase the efficiency of the small molecule inhibitor.

By implementing this type of combined strategy, the downsides, like genetic heterogeneity, associated with reduced therapeutic effects and also drug resistance could be strongly diminished. A crucial aspect is also represented by the administrated doses, where the amount of drugs for both type of agents will be significantly reduced proportionally with the occurrence of toxicity events. We mentioned the importance of miRNA mimic or inhibitor doses where, in this particular case, the dose can be lower than the maximum tolerable dosage (MTD). Considering the fact that the role of miRNA is to weaken the cancer cells and prepare the field for the action of the small molecule inhibitor, the doses will be lower than the ones used in the miRNA monotherapeutic approach (it is not followed by the acquisition of a stringent effect, but rather a moderate one). The lack of previous *in vivo* models for the evaluation of long term toxicity associated with miRNA treatment is currently a stringent issue; once the lowest dose of miRNA mimic or inhibitor that has a strong impairment effect in combination with a small molecule inhibitor is established, the potential toxicity has to be followed throughout a long term interval in immunocompetent animal models that allows the identification of adverse immune reactions. The establishment of the lowest dose needs to be done by evaluation of a wide range of treatment concentrations *in vitro*, where at least two will be tested in imunocompromised platforms for malignant inhibition to choose the lowest dose with an actual effect. Moreover, long term toxicity events need to be evaluated for miRNA and small molecule inhibitor as single agents and in combination to assess the degree of dependency. Importantly, the possible delayed side effects due to the pyramidal action of miRNAs are also limited in the case of a lower dose; the long term follow up is also a crucial issue for identification of delayed side effects. Another aspect is related to the action of the small molecule inhibitor, because these agents are not as specific as monoclonal antibodies (another type of targeted therapy) and generally interrupt the activity of tyrosine kinases (e.g. epidermal growth factor receptor \[EGFR\], HER2/neu, vascular endothelial growth factor \[VEGF\] receptor). Even so, the administrated route, usually orally, and also the reduced costs compared to other forms of targeted therapies are favoring their possible use in cancer.[@bib21] Therefore, by decreasing the aggressiveness of the cancer cells through prior miRNA administration, the dose of small molecule inhibitor can also be reduced with further benefits regarding the diminishment of off-target effects upon healthy cells (a significant part of malignant tumors overexpress specific molecules targeted by small molecule inhibitors, therefore it is plausible that the active agent will prioritize the cell most abundant in the complementary target; decreased doses also mean less concentration of surplus active agent that can attack healthy cells).

Data also show that there are small molecules able to modulate the expression of miRNAs by targeting the mature sequence or upstream intermediary ones.[@bib30] One such strategy is opening the idea of similar approaches with the proposed strategy by using small molecule inhibitors able to modulate miRNAs levels and inhibit central oncogenic knots within the targeted pathways. However, within this kind of approach, the tracking of the modified levels of miRNA becomes more difficult due to the intermediary action of the small molecule inhibitor. Moreover, the advantage of the previous proposed strategy is the ability to administrate significantly smaller doses of exogenous miRNAs for the destabilization of cancer cells (and not complete annihilation) instead of applying a small molecule in higher doses to achieve a modified level of the targeted miRNA.

Practical Example {#sec1.3}
-----------------

In one of our previous studies, we established that miR-205 is downregulated in colon cancer patients and cells, with a direct inhibition ability upon ZEB1; in turn, ZEB1 inhibits the levels of CDH1 (E-cadherin), a key epithelial marker associated with the establishment of adherence junctions between cells (also found as downregulated in the same patients). By extrapolation, miR-205 is able to inhibit the process of EMT in colon cancer by impairment of ZEB1 expression and indirect upregulation of CDH1, as shown in our previous article.[@bib10] Additionally, miR-205 has, as a direct target, the VEGF transcript, a central molecule for angiogenesis that allows the formation of new blood vessels for the sustenance of cancer cells and also for the migration of the mesenchymal ones.[@bib31] VEGF was found as positive in colorectal cancer tissue, with further association with advanced disease and poor prognosis.[@bib32] Therapeutic upregulation of miR-205 could be followed by administration of thalidomide, a small molecule inhibitor known for its ability to inhibit tumor necrosis factor alpha (TNF-α)[@bib33]---a gene with inflammatory implications and ability to modulate EMT and cancer invasion;[@bib34], [@bib35], [@bib36] TNF-α is also overexpressed in colorectal cancer.[@bib37] Moreover, thalidomide is an anti-angiogenic compound that sustains and elevates the action of miR-205 (VEGF inhibition).[@bib38]

[Figure S1](#mmc1){ref-type="supplementary-material"} shows the additional miR-205-validated targets, revealing the capacity of this miRNA to influence numerous pathways within cancer cells, including apoptosis through Bcl-2, but also to target simultaneously tumor suppressor genes like PTEN. Therefore, the idea of using miRNA regulators in decreased doses just to induce a destabilization within the cell becomes even more feasible, taking into consideration the multiple targets but also the heterogeneity of the targets in terms of oncogenic or tumor suppressor activity.

What the Future Holds? {#sec1.4}
----------------------

A simple search comprising the key words "miRNAs" and "therapy" in the field of cancer will result in an overwhelming number of articles, with numerous miRNAs proposed for therapeutic purposes regarding inhibition of carcinogenesis. The classical approach consists of the modulation of a single miRNA sequence to restore the expression of a specific target gene and sometimes multiple ones to trigger a fatal mechanism for cancer cells. This modulation has been proposed even with the administration of small molecule inhibitors able to modulate the expression of miRNAs---alone or in combination with the actual antisense miRNA.[@bib39], [@bib40] But is this mono-target strategy really going to work in actual patients? Considering the heterogeneous character of cancer, the multitude of miRNAs that are actually deregulated in malignant cells, and the ability of cancer cells to develop compensatory mechanisms to avoid the therapeutic insult, we probably need to consider another approach to make the best of miRNA therapeutics. In this sense, the wiser alternative could be represented by the implementation of strategies where miRNAs are used as disruptors of cancer cells and sensitization agents, making the malignant mass more weak and susceptible for the next line of treatment. This approach allows the administration of minimal doses, significantly reducing the possible secondary and toxic effects and also the long term ones that are still unknown in the case of miRNAs. Moreover, the efficiency of the second treatment will significantly increase, even in the case of chemotherapy, due to the ability of miRNAs to target multiple genes and disorganize, to a certain point, the pathological signaling. Not in the least, the experimental character of the combination between miRNAs and small molecule inhibitors can also be subjected to several pitfalls, requiring extensive preclinical optimizations. The difficulty consists mainly in the merged nature of the therapeutic regimen, where side effects associated with both miRNA and small molecule inhibitors need to be evaluated separately and, more laboriously, in combination.
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